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ABSTI ACT

To assist in evaluating the capacitance ty-pe fuel quantity gage for
use with oils, a study was made of various grades of aircraft lubricating
oils by the Armour Research Founnation. Chicago, Illinois.

Measurements of dielectric constant, dissipation factor, and density
were made on l144 new and used specimens of aircraft lubricating oils of
grades 1100, 1080, 1065, 1010 and 1005 under thii influence of changing fre-
quency and temperature. Special studies were made to determine the effects
of dilution with aviation fuel, the effect of acLitive compounds, and the
effect of oil clinging to the siues of the sensixIg element of the gage.

Used oil specimens were founa to hvve substautially higher dielectric
constants and dissipation factors than the corresponding new oil specimens.
Dissipation factors as high as 5.020 were aetectea in some used specimens.
".Addition of various additive compounas to a base oil produced o significant
change in the dielectric properties of the mixture.
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are cut off. No change in cell temperature was detected due to this brief
opening.

Periodic calibrations of the measurin. cells were made with chemically
pure benzene. Corrections of the guarded Balsbaugh cell in all cases have
been negligible.

B. Density Measurements

Oil density was determined using special pycnometers calibrated to
indicate true volume. This method, described in A.S.T.M. Specification
D-9L-1-57T, gives results which are accurate to within 0.05 percent. Con-
stant temperature liquid baths were constructed using transparent Dewar
flasks so the pycnometer graduations may be read without lifting the pycno-
meter out of tie bath. At temperatures above 130*F(54*C) actual measure-
ments with tlh special pycnometer method were impossible to obtain; hence,
the values of density above 130F(5S*C) were extrapolated. The density in
grams per cc was converted to density in poands per gallon by multiplyingby 054

C. Capacity Index

The capacity index is defined in OS.U) Report No. hO6, June 30, 1944,9
"Some Characteristics of Aircraft Engine Puels: Their Influence on
Capacitor Type Tank Gages," as being the ratio

K- 1
D

where K is the dielectric constant of the liquid and D the liquid density.

The OSD report shows that the indication of the capacitance type gage
is proportional to the product of the mass and the capacityý index provided
the liquid in the tank has constant surface area.

D. Identification of Specimens

To distinguish between the various specimens, a code was devised which
identifies the type and the aource of each specimen. This code appears after
each specimen number and is defined in the following manners

PDescription Code

New Oils from refineries
As received MR
10% dilution IOD

* 20% dilution 20D
30% dilution 30D

New Oils from Air Force tases NA
Used Oils from Air Force .au-s es
Used Oils direct from Air-eaft UB
. f fect of Additivl's S

4~ADC Ti- 5~2-ZX-'



The oils from the Air Force bases were normally received in pair
samples$ that is, one gallon of new oil and one gallon of the same
grade after use.

The classification, "Used Oils Direct from Aircraftp refers to used
oil which was taken directly from a specific type of aircraft for various
engine and oil times.

E. Effect of Dilution

Each specimen of new oil received from refineries •ad re-refineries was
diluted with 10, 20j, and 30% by volui•e of the total mixture of the same
sample of grade 100/130 aviation fuel (Spectimen No. 393 of the fuel study),
Each of these dil ted portions was treated as a separate specimen and tests
were made under the same conditions as for the original specimens.

F. Effect of Additive CoMounds

The effect of additive compcunds was determined ty blending various
compounds with a grade 1100 base oil and investigating the dielectric prop-
erties of the base oil and each mixture.

0. Effect of Oil Clinging to Sides of Gage

Because of the small effects which were expected, the experimental cell
developed under the-fuel portion of this project was used for measurements
of changes in ca-acitance due to oil clinging to the- sides of the cell. An
analytical study wýs also made for the purpose of correlation with experi-
mental data.

SECTION IV

RESULTS

A. Dielectric Constant, Density, Capacity Index, and Dissipation Fkctor
versus Temperature

Dielectric constant at 400 cpe and density were measured and capacity
index was calculated for 57 specimens of new used, and diluted oils over
the temperature range of -65F(-54*C) to 20(b(93C). The results of these
measurements are presented in Tables 1 to 10 inclusive and are shown graph-
ically in Figures 1 to 16 inclusive. To prevent damage to the measuring
cells, measurements were not normally de at temperatures below that at
which solidification occurred. At temperatures above 130F(5htC), the di-
luted oil mixtures emit vapors which in the closed temperature cabinet vers
considered hazardous. To obtain measurements on these specimens at 1859?
(89C), the mixtures were first distilled at 18597(85eC) in an open chamber.

The mean slopes of ths dielectric cotistant versus temperature curves were
calculated for e .ch gr;.de of new, diluted and used oil to be used in determining
the mean temper :-A.re coefficient of dieleitric constant aud are presented in

WADC Tiiii



Tables 24 to 28 inclusive.

The electrical measuring circuit, using the Balsbaugh cell is sensitive
only to values of dissipation factor greater than about 0.0007 at 400 CpS.
Therefore, only dissipation factors exceeding that value are presented in
Tables 12 and 13. Figures 17 to 21 show dissipation factor versus teperature
for each pair of new and used oils tested over the range -hWOF(-O0C) to
200F(930 C)•

The density of all specimens was practically a linear function of
temperature. Data has been complied to show this relation and is presented
in a subsequent section.

B. Dielectric Constant, Density, Capacity Index, and Dissipation Factor
t 5C), 400 Cpu.

The dielectric constant, dissipation factor and density were aeasured
and the ca:>acity index calcUlated for all specimens of new and used oil at
185*F(85eC) and 400 cps. These results are presented in Tables 14 to 17,
inclusive. Figures 22 to 27 show dielectric constant, density, and capacity
index versus specimen number (in order of decreasing dielectric constant)
for all new and used oils.

Figures 28 and 29 present plots of dielectric constant versus density
at 185ýF(85C) for each used oil tested. Since the grade identification
of the UB specimens was unavailable, the used oils direct from aircraft were
treated as a separate group.

To facilitate comparison, the results of measurements at 1850F(850C)
and 400 cps on all sets of pair sam•ples are presented in Table 18. Figures
30 to 3L show plots of dielectric constant and capacity index versus density
at 185*F(85eC) for each pair of new and used oils.

Tables 19 and 20 present the mean values of dielectric constant, density.,

and capacity index at 18-5F(85eC) for each grade of new and used oil.

C. Slope a Density versus Temperature Curves as a Function of Density

The density versus temperature curves of 39 new, 32 used, and 30 diluted
oil specimens were analysed and equations were derived which predict density
values at various temperatures.

Tables 21, 22, and 23 give the slopes of the density versus temperature
characteristics for new, used and diluted oils respectively. Figures 35, 36,
and 37 present plots of slope, versus density and lines of regression, determined

by statistical means ("Mothods of Correlation Analysisw, M. Ssekiel, Wiley
and Sons, 1941, Chapter 8). These lines are the best straight lines which can
be drawn to depict the correlation between two variables. The figures also
give the 1:er ýit correlatian, unity be tný, perfect correlation.

Based on 2 :ase calculations, The g9,ier 1 equation for determining the
den s ity o new oils at t.aperatire T wn Oýe donsity at 1OF is known
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become s

D T D1S (.905476 + .00051094T) - .0065756T + 1.216490

where D is the density in pounds per gallon, and T is the temperature in
degrees F. Squations which'apply to specific teaperatures are

D-4 = D185 (.o3432) + 1.2L2792

D32 = DIS5 (.921826) + 1.006071

D77 D1 85 (.944818) + 0.710169

For used oil when Lhe donsity at 1E5 0 F is known, tim general equation
becom s

D = DE5 (.930902 + .00037350T) - .005656T + 1.046377

where D is tl.e deasity In pounds per gallon, and T is the temperature in

degrees F. S•,ecific equations are

D4=D 185 (.929t08) +s 1.069001

D3 2 = D185 (.942854) + 0.565302

D77  D1 8 5 (.959662) + 0.610857

For all diluted oils when the density at 77?F is known, the general
equation for deterrdning density at teo ertLire' T becomes

DT = D77 (.982592 + .00022608T) - .OOL71943T + 0.363396

where D is the density in pounds per gallon, and T is the temperature in
degrees F. Specific equations are

D4- = D77 (.981688) + .3t2217%

D =D (-9M27) + .212374

D PL5-.- D 7 (1-o02441) - .:09699

D. Dielectric Constanty Densityý, and Capacity Index at --_°F(-2 0 *C),
770F(250C),, and 18• 0 F(85 0C)

The mean temperature coefficients of dielectric constant for each grade
of new, used, and diluted oils were determined from the mean slopes of the
dielectric constant versus temperatu, re curves and th• mean values of dielec-

S.tric const-ant, ald are presented in Tables 24 to 2P) inclusive. The te.xper-
ature coeif:icier1 is defined by the fol-ovin.- equations:

t MF- or Xt' KREF 1 -0 (tTTR.F,



where

is the dielectric constant

t is the temperature in degrees P

ti is the temperature in degrees C

TR31 is the reference toeperature in degrees F

TRr, is the reference temperature in degrees C

o( is the temperature coefficient of dielectric constant
per degree F

is the temperature coefficient of dielectric constant
o( per degree C.

Using these equations, the dielectric constants of all new oils not
tested at temperatures other than 189F(850) were calculated at -4*F(-20eC)
and 77eF(290). Densities at these two temperatures were determined by
mans of the equations of the preceding section, thereb7 permitting cal-
culation of capacity index.

Tables 29 and 30 present the dielectric constant and density and
Tables l and 32 the capacity index of all new oils specimens at -4Fe(-2e0C),

* 77F(2 'C), and IE.5F(8!C)o

Figures 38 and 43 present plots of dielectric constant versus density
at the three temperatures along with lines of regression for these two vari-
ables. Figure 44 shows the relationship existing between the lines of re-
rIess4I1 of the various grades of oil tested. Figure 45 to 50 show plots of

capacity index versus dielectric constant at the thrie temperatures for all
new oil specimens.

I.Dielectric Constant at 4~00 Qp. and 200 I0 at 1850p(850C)

The dielectric constant of each specimen of new and used oil was
measured at 200 1C as a spot check on the effect of frequency upon dielec-
tric constant. Tables 33 to 36 present the dielectric constant at 400 cps
and 200 KC f or all new and used oil spec imens.

F. Dielectric Constant Versus Fregen y at 189* 8C)

Twenty-ow specimens of new and used oil were tested over a complete
frequency range of 400 cps to 200 I0 at 185F(85eC). The results of these
inaeurements are prednted in Tables 37 to 40 and shown grapilically in
Figures 51 to 61, inclusive.

0. Sffect of Dilation

The dielectric constant, density, and capacity index at 77"e(25*C)
of all the diluted new oil specimens are presented in Tables 41, 42" and 43.
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Tables 44 to ?47 present the nean values of dielectric constant, density,
and capacity index for each grade of undiluted and diluted oil at 77OF(250C).
The moan values of the undiluted oils were taken from the calculated data of
section D.

The results of spot checks at 200 KC on the diluted specimens at 7??7
(29*0) are presented in Tables 48, 49, and 5£.

Fourteen specimens of diluted oil were tested over a complete frequency
range of 400 cps to 200 KC at 77eF(290). Tie results of these measurements
are presented in Tables 51 and 52, and are shown graphioally in Figures 62,
63, and 64.

He Effect of Additive Compounds

To determine the effect of additives upon the dielectric properties of
oils, various compounds furnished by the Air Force were blended with grade
1100 bass oil. The results of masurements upon the base oil and the blended
nixtures are presented in Tables 53 to 57.

f~igue 65 presents a plot of dielectric constant versus density at
770(250) for the effect of additive specimseo. Figure 66 shows a plot of
dielectric constant versus frequency for four effect of additive speoimens.

J. affect of oil Clinging to-Sides of a&&*

The experimental cell developed under the fuel portion of this project
was used to obtain experimental data upon the effect of oil clinging to the
sides of the gage. The empty cell capacitance was meamured at 1307(540°)
and the cell was completely filled with the oil to be tested. After the oil-
was allowed to drain until no further droplets were visible at the drain plug,
th ell ocapacitance was reoasured. The following results were obtaineds

Nepty Capacitance Dr ind otanee Increase

Orade uuf uuf uuf Chang!
1100 4,26 144.80 0.54 0.37
1080 146.72 149.OO 2.28 1.55
106 148.32 150.140 1..8
1010 144.76 145.014 0.28 0.19

For the purpose of correlation with experimental data, the following
analytical study was made. Consider a capacitor made up of two concentric
cylinders of radii a and b.

b
. In th rationalied mks systemj

athe eleactri flux density at a
distance x from the center is

WADC TR 52-220



where Dx is the flux density, O is the charge per unit length, and x thedistance from the center. The electric field intensity,, • at the
distanoe x is

wher C i the permittivity of free spa=o(36 r no 9)in rationalised mksSunit; nd*K is the dielectric constant of the material between the plates.
For air,, ku'i

The potential difference between the plates in terms of charge per
unit length is

-b 0-
f = 2TrEo, z2~ in~

a 0

Since the capacitance is defined as tte ratio of charge to potential
difference, the capacitance per unit length of the cylindrical arrange-
ment is

Now consider the *amo oyelindrieal arrangement when each plate iscovered by a uniform oil film of dielectric oonstant K and thickness •.
The capacitance per unit length under these conditions is

aT In -. + I + in,

Therefore, the difference in capacitance per unit length becomes

2 TT C OR 2rr£0Co
C In + Fl) , in b- + bz in) b

in

This difference was evaluated for several diffeoreMA'!AMMe of oil firuthickness and dielectric constant using the physical dimeosions of the eti-mental Coll (&,0f4022, b".07779, l".1238 meter), and the curves shown inFig. 67 were dram. This figure indicates the maximum oil film thickness at
i3FMOFC~) obtained in the experimental work was approximately 0.05 milli-
moters for grade 1080 oil.

WADC TR 52-220 9



SECTION V

DISCUSSION

A. Dielectric Constant, Density) Capacity Index, and Dissipation Factorversus. Temperatureversus

The dielectric constant of aircraft lubricating oil is practically a
linear function of temperature. particular curves of dielectric constant
versus temperature show apparent variations of slope between successive
temperature points, but no significance is attached because these variations
are about equal in magnitude to the sensitivity of the measuring circuit.

Tb. mean slopes of the dielectric constant versus temperature curves
for all gr 4 des of used oils excepting gra& 1080 were less than the cor-
responding slopes for the now oils. The maximum change in the man slope
between new and used oil was a 34.1% decrease for grade 1010. The mean
slopes of the diluted oil curves generally increase above the neo oil slopes
for dilutions up to 20% and then decrease slightly for 30% dilution.

Figures 1 to 6 show that as the high temperatures are approached, the
dielectric constant of the diluted specimens approaches the value for the
undiluted oil. This is due to the evaporation at high temperatures of some
of the aviation fuel contained in the diluted specimens.

The density of all specimens was found to be practically a linear
function of temperature in the region -64;*(-540C) to 200F(930C). In
general, an Increase in temperature causes a small decrease in capacity in-
dex although many irregularities were noted. Some exceptions may be due to
the fact that a small error in dielectric constant causes a relatively large
error in capacity index.

As shown in Figures 17 to 21, the dissipation factors of the used oil
specimens in particular increase exponentially with an increase in temperature.
In going from -4 6F(- 2 P0 C) to 200?F(93*C), the dissipation factor of grade
1080 specýian# O-37-UA, increased from 0.018O to 5.0200, an increase of 278
times.

At any one particular temperature, the dielectric constant of the used
speciaon of the pair samples is usually larger than the dielectric constant
of the new specimen. The dielectric constant of the foreign material in the
used oil is probably greater than the dielectric constant of n new oil,

B. Dielectric Constant, Density Caacity Index and Dissipation Factor
at IMMM5WC 4Wa 2pa.

Table 17 indicates that oil drawn from the same aircraft after similar
engine or oil times has similar dielectric and physical properties regard-
less of the eneine from which it was drawn. In some cases, the length of
engine time had little effect upon the properties of oil taken from one type
of aircraft after different engine times.

WADC TH 52-220 10



In Figures 22 to 27, inclusive, new and used oil specimens were
arbitraril•y arranged in order of decreasing dielectric constant. The plots

of density and capacity index do not decrease progressively with decreases
in dielectric constant, but a definite trend is evident.

Because of the limited number of UA specimens of each grade received#

no definite correlations between dielectric constant and density could be
established. It appears, however, that all grades wYtht heexception of
hydraulic oil follow a similar pattern. As shown in Figure 29, all UB

specimens were treated as a separate group and a definite correlation be-
tween dielectric constant and density is apparent.

Table 18 indicates that all used pair samples have substantially larger
dissipation factors than the new pair saimples. In iLzost cases the same is

true for dielectric constant, density, and capacity index. Figures 30 to
34 indicate there is no consistent correlation which exists between dielec-
tric constant and deasity, aid capacity index and density for the pair saiiples.

Comparison of Tables 19 and 20 indicates the mean dielectric constant
is larpr for all grades of used oil with tie exception of hydr~ulic oil. A
maximum change of 3.5% occurred in grade 1100 oil. TVe mean density and
capacity index were, in general, also larger for the used oil specimens.

C. SIN* of Density versus Teprature Curves as a Function of Densit

The mean slope of the density versus temperature curves of the used
oils was found to be larger than the corresponding slope for the new oils.
This means that for a given temperature change, the density of a used oil
specimen would change more rapidly than the density of a new oil speci.en.

The mean slope of the density výrsus temperature curves of the diluted
oils was 3.32% greater than the mean slope of the undiluted oils. This is
probably due to greater change in density that occurs in the aviation fuel
contained in the diluted oil mixture.

The use of the density equations derived from the lines of regression
yield results which are accurate to within 0.7%.

D. Dielectric Constants Density, and Capacity Index at -4*F(-20°C),
7fl725'c)tand 187~F65%

With the exception of grade 1080 oil, the mean temperature coefficient
of dielectric constant at 185eF(85 0 C) of the used oil specimens is substan-
tially less than the corresponding coefn icient of the new oil specimens. This
is due to the smaller slope of dielectric constant versus temperature curves
and the larger mean value of dielectric constant at 185eF(85*C) for used oils.

The correlations between dielectric constant and density for new oils
at -14w?,q 7?'? and 1850F# As shown in Figures 38 to 143 are considered to be
satisfactory, the highest per unit oorrelation being .994 for grade 1065 oil.
As shown in Fire L4 the slope3 of the li•ne• of regression of dielectric

WADC TR >5-2h:• 1ii
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constant versus density of all grades of new oil except hydraulic are very
nearly identical. A definite correlation between capacity index and dielec-
tric constont for new oils at the three tea.peratures is also evident in
Figures 45 to 50.

E. Dielectric Constant at 40o. ps and 200 KC at 185°F(85°C)

Comparison of the dielectric constants at 400 cps and 200 KC indicates
no appreciable difference although in most cases a very small decrease at
200 KC was detected.

F. Dielectric Constant versus Frequency at 15i5785*C)

The sensitivity of the measuring circuit using the Balsbaugh cell is ap-
proximately 0.2% or slightly over 0.004 in dielectrlc constant. Considering
this sensitivityp the small changos in dielectric constant shown in Figures
51 to 61 are wnsidered to be insignificant.

0. Effect of Dilution

The general effect of dilution, as indicated in Tables 44 to 47, was to
decrease dielectric constant and density. This resut was generally expected
because in .ost cases the gasoline used for dilution had a lwer dielectric
constant and density than the new oil. The mean capacity index decreased in
going from 10% to 20% dilution and increased in going from 20% to 30% dilution.
This indicates that (K-l) decreased more riipidly than D in going from 10% to'
20% dilution, and D decreased faster than (K-l) in going from 20% to 30%
dilution,

No significant effect upon the dielectric constant of the diluted specimens

of varying frequency was detected.

H. Effect of Additive Compounds

Examination of Table 53 shows an appreCia(1e change in dielectric proper-
ties is produced by the blending of small amounts of aoditive compounds with
a base oil. The capacity index of the blended mixtures varied from 0.1994
to 0.1606. Specimen O-59-S had an unusually high dissipation factor of .2450

Sat 77'F(259C) and 1o0 cps.

The efiect of varying frequency upon the additive specimens was insignifi-
cant. Spot checks on additive specimens at lOeF(-10*C),and 185°F(89eC) in-
dicated behavior which w;.is similar to that of the new and used oils.

Ex&ainat Lon of Figure 65 shows a definite correlation exists between
dielectric constant and density of the additive specimens.

.J. Effect of Oil Clinging to Sides of OEM

The magnitude of change in tank unit capacitance due to oil clinting to
the sides of Lts Lage is dependent upon t~m tank unit elso and the thickness
of the oil A maximum ch.-e in ti-P exjyerimental cell capacitance of

WAC1



1.'55% was detected at 130eF(54*C). However, if the actual units have a
spacing wlich is large compared to the 0.070 inch spacing of the experimental
cell, the change will be much less sibnificant.

The oll fitla thickness depends on many factors such as temperature,
viscosity, and tank unit surface, and no nethod is know which will predict
the film thickness under specific conditions.

SECTION VI

NOTEBOOKS

Detailed labortory data are recorded in Armour Research Foundations

Notebooks C-1696, c-1698, and C-215.

Respectfully submitted,

AILOLMR RESiARCHi FOUNDATION OF
ILLINOIS INSTITUTE OF Ti'HNIOLOOY

J. L. Radnik#"Research Yelw

9 C.C C. Petersen, Supervisor
katerilis and Measurements

H. J. Finison, Chairman
Electrical Engineering Research
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Table 19

IEAN VALUES AT 400 CPS AND 1850F (85c0)
(NEW OILS)

Number of Mean Mean Mean

Grade Specimens Dielectric Constant Density Capacity Index

1100 15 2.177 7.OhO .1672

1080 5 2.205 7.008 .1720

1065 5 2.167 6.973 .167h

1010 8 2.128 6.884 .1638

1005 2 2.073 6.715 .1598

Hydraulic 3 2.1l2 6.807 .1679

1120 1 2.190 7.068 .168h
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Table 20

kEAN VALUES AT LOO CPS AND 185"F (850C)
(USED OILS FROM AIR FORCE BASES)

Number of Mean Mean Mean
Grade Specimens Dielectric Constant Density Capacity Index

1100 3 2.253 7.105 .1763

1080 2 2.229 6.993 .1758

1065 2 2.170 6.956 .1682

1010 2 2.179 7.013 .1679

Hydraulic 3 2.123 6.810 .1650

USED OILS DIRECT FRO AIRCRAFT

UB Specimens 20 2.213 7.018 .1728

5
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Table 21

SLOPE OF DENSITY VS. TE1PERATURE CURVES
AS A FUNCTION OF DENSITY

NEW OILS

Specimen Density at 185 0 F (850c) Change in Density per Peg. F
Number Grade pounds per Gallon Pounds per Gallon x1O"4

0-1-NR 1100 7.053 30.4
0-2-NR 1100 7.018 30.2
O-3-NR 1100 7.076 29.5
0-4-NR 1100 7.067 29.9
0-5-NR 1120 7.068 29.6
0-6-NR 1100 7°048 2909
O-7-NR 1010 6.889 30°3
0-8-NR 1005 6.730 31.6
0-9-NR 1010 6.919 30.7
O-10-NR 1100 7.017 29.1
0-11-NR 1080 7.008 30.3
0-12-NR 1065 7.002 29.0
0-13-NR 1080 6.977 29.7
0-14-NR 1100 7.059 29.3
0-15-NR 1065 6.932 29.7
0-16-NR 1100 7.002 30.0
0-17-NR 1005 6.700 30.2
0-18-NR 1100 7.005 29.7
0-19-NR 1010 6.834 31.5
0-20-NR 1100 7.050 30.6
0-21-NR 1100 7.007 30.3
0-32-NA 1010 6.885 30.1
033-NA 1065 6.984 30.3
0-34-NA 1010 6.684 29.9
o-36-NA 1080 7.053 29.3
0-38-NA 1100 7.035 30.0
0-41-NA Hydraulic 6.776 31.6
o-44-NA 1010 6.901 30.1
o-45-NA 1100 7.064 29.7
O-46-NA Hydraulic 6.794 31.2
o-47-NA 1100 7.042 29.7
o-48-NA 1065 6.968 30.3
0-52-NA 1080 7.034 29.9
0-53-NA Hydraulic 6.850 31o4
0-55-NR 1010 6.864 31.0
o-66-NA 1010 6.892 30.3
0-67-NA 1080 6.968 30.0
0-68-NA 1100 7.053 29.5
0-69-NA 1065 6.978 30.3

0
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Table 22

SLOPE OF DENSITY VS. TESPEATURF, CURVES
AS A FUNCTION OF DENSITY

USED OILS

Specimen Grade or Density at 185 0 F (85 0C) Change in Density per peg. F
Number MLO No. Pounds per Gallon Pounds per Gallon xlO"

O-35-UA i010 7.115 31.2
0-37-Uk 1080 7.001 30.5
0-39-UA ii00 7.123 30.4
0-40-UA Hydraulic 6.752 31.8
0-49-UA 1100 7.087 27.8
0-50-UA Hydraulic 6.795 31.4
0-51-UA 1065 6.970 30.4
0-51-UA 1065 6.942 29.9
0-70-UA 1010 6.910 31.3
O-71-UA 1080 6.984 30.3
0-72-UA 1100 7.104 30.3
0-73-UA Hydraulic 6.883 30.1
0-22-UB YLO-5319 6.822 31.2
0-23-UB 1,1O-5320 6.831 31.4
0-24-UB mLO-5321 7.064 29.7
0.25-UB ILO-5322 7.054 30.5
0-26-UB nLO-5323 7.112 29.7
0-27-UB nL0-5324 7.11h 28.8
O-26-UB uLO-5325 7.067 30.6
O-29-UB LO-5326 7.079 30.1
0-30-IJB kLc-5327 7.026 29 .9
0-31-UB 1nLO-5328 7.023 30.2
0-42-UB RILO-5581 7.039 30.7
0-43-UB 1ILO-5582 7.052 30.5
0-77-UB uo-6018 6.684 30.0
0-78-UB i0O-6019 6.868 30.6
0-79-UB kiO-6020 7.074 31.0
O-80-U3B 1LO-6021 7.044 30.7
0-81-UB AIW-6022 7.043 31.0
0-82-UB MLO-6023 7.084 30.2
0-83-UB MLO-6024 7.023 31o0
o-84-UB 10L-6025 7.060 30.0
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Table 23

SLOPE OF DENSITY VS. TELPERATURE CURVES

AS A FUNCTION OF DENSITY
DILUTED OILS

Specimen Density at 770F (250C) Change in Density per g. F
Number Grade Pounds per Gallon Pounds per Gallon x1O-Re

0-2-10D 1100 7.197 30.2
0-5-10D 1120 7.276 30.4
0-7-10D 1010 7.082 30.7
0-8-IOD 1005 6.96o 31.3
0-11-10D 1080 7.193 30.4
0-13-10D 1080 7.149 31.6
0-15-10D 1065 7.127 29.8
0-16-10D 1100 7.186 32.0
0-18-10D 1100 7.180 31.6
0-19-10D 1010 7-032 31.6
0-20-10D 1100 7.229 31.6
0-21-10D 1100 7.192 31-3

0-2-20D 1100 7.041 30-9
0-5-20D 1120 7.084 31*3
0-6-20D 1005 6.802 32-7
0-11-20D 1080 7.037 31-1
0-12-20D 1065 7.000 31.6
O-13-20D, 1080 7.013 31.3
0-17-20D 100-5 6.800 31.6
0-18-20D 1100 7.033 31.6

0-2-30D 1100 6.919 30.9
0-5-30D 1120 6.933 31.3
0-7-30D 1010 6.812 32.0
0-8-30D 1005 6.696 32.9
0-9-30D 1010 6.829 32.4
0-11-30D 1080 6.910 31-3
0-12-30D 1065 6.864 31.3
0-13-30D 1080 6.907 31.8
0-17-30D 1005 6.671 31.3
0-18-30D 1100 6.916 31.1
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Table 31

CAPACITY INDEX AT -h*F(-2 0 °C), 77*F(250 C), kND 185 0 F(850 C)

GRADE 1100 NEW OILS

Specimen Capacity Index - (K-1)/D

Number -40 F(-200C) 77?F(25C) 1825F(85C)

O-I-NR .1724 .1710 .1693
*O-2-NR .1687 .1680 .1656

0-3-NR .1721 .1709 .1689
0-4-NR .1719 .1705 .1687
0-6-NR .1720 .1708 .1688
0-10-NR .1708 .1694 .1677
O-14-NR .1703 .1692 .1670
O-16-NR .1703 .1691 .1672

*0-18-NR .1679 .1669 .1652
0-20-NR .1704 .1688 .1671
0-21-NR .1673 .1659 .1641

*0-38-NA .1718 .1678 .1672
0-45-NA .1685 .1671 .1652
0-h7-NA .1713 .1701 .1681
0-68-NA .1718 .1705 .1686
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Table 32

CAPACITY INDEX AT 4-F(-200 C), 77 0 F(250 C), AND 185 0 F(85 0c)

Specimen Capacity Index - (K-1)/D

Number Grade -L4F(-20 0 C) 77°F(250 C) 185 0 F(850 C)

*0-11-NR 1080 .1708 .1698 .168b
*0-13-NR 1080 .1718 .1699 .1665
*O-36-NA 1080 .1739 .1715 .17U1

0-52-NA 1080 .1712 .1702 .1688
0-67-NA 1080 .1839 .1832 .1820

*0-12-NR 1065 .1726 .1708 .1684
O-15-NR 1065 .1699 .1685 .1659

*0-33-NA 1065 .1720 .1692 .1678
O-48-NA 1065 .1710 .1692 .1669
0-69-NA 1065 .1719 .1702 .1678

0-7-NR 1010 .1641 .1630 .1613
*0-9-NR 1010 .1652 .1638 .1642

0-19-NR 1010 .1703 .1690 .1678
0-32-NA 1010 .1659 .1649 .1633

*0-34-NA 1010 .1669 .1666 .1637
*O-44-NA 1010 .1690 .1664 .1643
0-55-ta 1010 .1682 .1671 .1656
0-66-NA 1010 o1632 .1621 .1605

*0-8-NR 1005 .1605 .1610 .1593
*0-17-NR 1005 .1637 .1628 .1603

*O-4I-NA Hydraulic .1820 .1764 .1730
0-46-NA Hydraulic .1807 .1768 .1710
0-53-NA Hydraulic .1694 .1653 .1596

*O-5-NR 1120 .1712 .1700 .1684
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Table 33

DIELECTRIC CONSTANT AT 400 CPS AND 200 KC, 185 0 F(850C)

NR SPECIYIENS

Specimen Dielectric Constant Dielectric Constant

Number Grade at 400 Cps at 200 KC

0-l-NR 1100 2.194 2.200

0-2-NR 1100 2.162 2.170

0-3-NR 1100 2.195 2.180

o-4-NR 1100 2.192 2.184

0-5-NR 1120 2.190 2.185

0-6-NR 1100 2.190 2.193

0-7-NR 1010 2.111 2.106

0-8-NR 1005 2.072 2.077

0-9-NR 1010 2.136 2.142

0-10-NR 1100 2.177 2.172

S0-11-NR 1080 2.180 2.175

O-12-NR 1065 2.179 2.180

0-13-NR 1080 2.162 2.165

0-14-NR 1100 2.179 2.184

0-15-N 1065 2.150 2.145

o-16-NR i100 2.171 2.172

0-17-NR 1005 2.074 2.075

0-18-NR 1100 2.157 2.154

0-19-NR 1010 2.147 2.144

0-20-NR 1100 2.178 2.184

0-21-NR 1100 2.150 2. 1l6

0-55-NR 1010 2.137 2.115
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Table 34

DIELECTRIC CONSTANT AT 400 CPS AND 200 KC, 185°F(859C)

NA SPECIMENS

Specimen Dielectric Constant Dielectric Constant
Number Grade at 400 Cps at 200 KC

0-32-NA 1010 2.124 2.115

0-33-NA 1065 2.172 2.173

0-34-NA 1010 2.127 2.120

0-36-NA 1080 2.228 2.224

0-38-NA 1100 2.176 2.171

0-41-NA Hydraulic 2.172 2.167

O-44-NA 1010 2.134 2.133

1-15-NA 1100 2.167 2.156

0-46-NA Hydraulic 2.162 2.165

-0447-NA 1100 2.184 2.193

o-48-NA 1065 2.163 2.158

0-52-NA 1080 2.187 2.197

0-53-NA Hydraulic 2.693 2.085

0-66-NA 1010 2.106 2.087

0-67-NA 1080 2.268 2.261

0-68-NA 1100 2.189 2.188

0-69-NA 1065 2.171 2.166
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Table 35

DIELECTRIC CONSTANT AT 4o0 CPS AND 200 IC, 185 0 F(850 C)

UA 'SPECILENS

Specimen Dielectric Constant Dielectric Constant
Number Grade at 400 cps at 200 KC

0-35-UA 1010 2o305 2.295

0-37-UA 1080 2.256 2. 247

0-39-UA 1100 2.266 2.260

0-40-UAP Hydraulic 2.184 2.184

0-49-UJA 1100 2.234 2.225

0-50-UA Hydraulic 2.178 2.170

0-51-UA 1065 2.173 2.181

0-54-uA 1065 2.166 2.159

0-70-UA l100 2-053 2-.051

0-71-UA 1080 2.202 2.189

0-72-UA 1100 2.259 2.2 1i6

0-73-UA Hydraulic 2.006 2.005
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Table 36

DIELECTRIC CONSTANT AT 400 CPS AND 200 KC, 185 0 F(85*C)

UB SPECI0NS

Specimen Dielectric Constant Dielectric Constant
Number MLO No0  at 400 Cps at 200 KC

O-22-UB L O0-5319 2.103 2.111
0-23-UB 1MLO-5320 2.112 2.117
0-24-UB bLL0-5321 2.209 2.213
0-25-UB ULO-5322 2.199 2.208
0-26-UB mLO-5323 2.269 2.265
0-27-UB nO-5324 2.250 2.232
0-28-UB nLO-5325 2.252 2.249
0-29-UB Lo-5326 2.2L2 2.232
0-30-UB ao-5327 2.218 2.209
0-31-UB n0-5328 2.221 2.213
O-L2-UB nLO-5581 2.183 2.169
0-43-UB YfLo-5582 2.218 2.211
0-77-UB 1,LO-6018 2.141 2.132
0-78-UB YLO-6019 2.142 2.128
0-79-UB ILO-6020. 2.262 2.257
0-80-UB ML0-6021 2.220 2.223
0-81-UB YI•0-6022 2.255 2.246
0-62-UB 0,O-6023 2.261 2.257
0-83-UB kj.L-6024 2.247 2.239
0-84-UB Y1O-6025 2.253 2.247
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S 0 Table 44

YEAN VALUES AT 400 CES AND 770 F(250 C)

NEW OILS FROM REFINERIES

Number of Mean Mean Mean

Grade Specimens Dielectric Constant Density Capacity Index

1100 11 2.245 7.359 .1691

1080 2 2.243 7.317 .1699

1065 2 2.236 7.28h .1697

1010 3 2.192 7.210 .1653

1005 2 2.142 7.051 .1619

1120 1 2.256 7°387 .1700

5
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Table 45

MEAN VALUES AT 400 CPS AND 77 0 F(250 C)

(10% DILUTED NEW OILS)

Number of Mean Mean Mean

Grade Specimens Dielectric Constant Density Capacity Index

1100 11 2.221 7.210 .1694

1080 2 2.212 7.171 .1690

1065 2 2.198 7.147 .1676

1010 3 2.168 7.062 .1654

1005 2 2.125 6o923 .1626

1120 1 2.224 7.276 .1682

5
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Table 46

MEAN VAUjES AT W40 CPS ATTD 77 0 F(250 C)

(20% DILUTED NEiv OILS)

Number of Mean Mean Mean

Grade Specimens Dielectric Constant Density Capacity Index

1100 11 2.186 7.068 .1677

1080 2 2.178 7.025 .1676

1065 2 2.162 6.982 .1665

1010 3 2.]2jll 6.94O .16bh

1005 2 2.10b 6.801 .1623

1120 1 2.178 7.08h .1663

5
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Table 47

MEPAN VALUES AT 400OCPS AND 770 F(250 C)
(30% DILUTED NEW OILS)

Number of Mean Mean Mean
Grade STecimens Dielectric Constant Density Capacity Index

1100 11 2.161 6.921 .1678

1080 2 2.160 6.909 o1679

1065 2 2.157 6.851 .1689

1010 3 2.123 6.810 .°1650

1005 2 2.092 6.685 .1634

1120 1 2.178 6.933 .1699
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Table 54

DIELECTRIC CONSTANT AT 400 CPS AND 200 KC, 77-F(25-C)

MiFECT OF ADDITIVE SAMPLES

Specimen Dielectric Constant Dielectric Constant
Number Identification at 400 Cps at 200 KC

0-65-S Base Oil 2.253 2.243

0-56-S RP Petronate 50 2.305 2.294

0-57-S Petronate HL 2.346 2.329

0-58-S Acryloid 150 2.217 2.209

0-59-S Additive 2.493 2.501

0-60-S Paraflow PDX 2.218 2.205

0-61-S Santopour "B" 2.251 2.251

0-62-S Lubrizol 701 2.263 2.268

0-63-S Additive 895-41 2.21)3 2.23 7

0-64-S Additive 118 2.176 2.166
Perma 22
!onol
Additive 171
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